Many problems in rough set theory have been successfully solved by boolean reasoning (BR) approach. The disadvantage of this elegant methodology is based on its high space and time complexity. In this paper we present a modified BR approach that can overcome those difficulties. This methodology is called the approximate boolean reasoning (ABR) approach. We summarize some most recent applications of ABR approach in development of new efficient algorithms in rough sets and data mining.
Introduction
Concept approximation problem is one of most important issues in machine learning and data mining. Classification, clustering, association analysis or regression are examples of well known problems in data mining that can be formulated as concept approximation problems. A great effort of many researchers has been done to design newer, faster and more efficient methods for solving concept approximation problem.
Rough set theory has been introduced by [14] as a tool for concept approximation under uncertainty. The idea is to approximate the concept by two descriptive sets called lower and upper approximations. The lower and upper approximations must be extracted from available training data. The main philosophy of rough set approach to concept approximation problem is based on minimizing the difference between upper and lower approximations (also called the boundary region). This simple, but brilliant idea, leads to many efficient applications of rough sets in machine learning and data mining like feature selection, rule induction, discretization or classifier construction [4] .
As boolean algebra has a fundamental role in computer science, the boolean reasoning approach is also an ideological method in Artificial Intelligence. In recent years, boolean reasoning approach shows to be a powerful tool for designing effective and accurate solutions for many problems in rough set theory. This paper presents a more generalized approach to modern problems in rough set theory as well as their applications in data mining. This generalized method is called the approximate boolean reasoning (ABR) approach.
Boolean Reasoning Approach
Boolean reasoning approach is a general framework for solving decision and optimization problems. This method comes from the great idea of George Boole to whom we owe a possibility of using symbolic notation in mathematics. He proposed to solve a problem by (1) converting it to a boolean formula, (2) solving a corresponding problem for boolean formula and (3) decoding the solution for boolean function to obtain the solution of the original problem.
By boolean function we denote any function f : {0, 1} n → {0, 1}. Boolean functions can be described by boolean formulas, i.e., expressions constructed by boolean variables from a set V AR = {x 1 , ..., x k }, and boolean operators like conjunction (∧), disjunction (∨), and negation (¬).
The most famous problem related to boolean functions is the satisfiability problem (SAT). It is based on checking, for a given boolean function, whether there exists such an evaluation of variables that the function becomes satisfied. In other words, the problem is to solve the equation f (x 1 , ..., x n ) = 1. SAT is the first problem which has been proved to be NP-complete (the Cook's theorem). This important result is used to prove the NP-hardness of many other problems by showing the polynomial transformation of SAT to the studied problem. From practical point of view, any SAT-solver (heuristical algorithm for SAT) can be used to design heuristic solutions for all problems in the class NP. Therefore, instead of solving a couple of hard problems, the main effort may be limited to create efficient heuristics for the SAT problem.
One of possible solutions for scheduling problem is based on SAT-solver. In this method, the specification of scheduling problem is formulated by a boolean function, where each variable encodes one possible assignment of tasks, resources, time slots, etc. The encoding function is satisfiable if and only if there exists a correct schedule for the given specification [17] .
The following steps should be taken into account when applying boolean reasoning approach:
-Encoding: this is the most important step in BR scheme. It begins with determining the set of boolean variables and their meanings in the original problem. Later, the specification of the studied problem and input data are encoded by boolean expressions over selected variables. SAT is more useful for solving decision problems. In this paper we consider another problem for boolean functions called minimal prime implicant problem that is more suitable for optimization problems. Let us briefly describe this problem in more details.
